In our study we used carcass-analysis techniques and thus obtained a more direct measure of the nitrogen laid down in the growing chick. Table 2) . In order to ensure that an excess of protein would not obscure amino acid deficiencies in the protein tested, a protein content of around 1 1 % and a metabolizable energy content of 2600 kcal/kg were chosen for the diets. This protein level could not be achieved with cereals alone because of the feeding-stuffs required Vol. 16
EXPERIMENTAL AND RESULTS

Experiments I and 2
Diets (
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Procedure. I n Expt I , 200 day-old Rhode Island Red x White Leghorn cockerels, and in Expt 2, 200 day-old Rhode Island Red x Light Sussex cockerels were fed on equal parts of coarsely ground maize and wheat for a preliminary period of 4 days.
They were then weighed, birds of extremely high or low weight were discarded, twelve of the remainder were killed and analysed, and forty-eight plus six spares were randomized to treatments and individual cages. After the contents of the alimentary tract had been removed the carcasses of the twelve birds representing those at the beginning of the experiment were minced, freeze-dried and analysed as described elsewhere (Davidson et al. 1961 ) for assessment of the composition of the experimental birds at the beginning of the period.
The experimental birds were fed ad lib. and were weighed every 2nd day. Food spilled was separated from droppings every 2nd day and fed back.
After 4 weeks the birds were killed and analysed individually. Results. Table 3 shows the live-weight and protein gains, the relationship between them, and the percentage of dietary protein retained in the body. Efficiency of conversion of food protein into body protein was in the order: in Expt I , oats > barley > maize or wheat; in Expt 2, oats or barley > maize > wheat; in the combined results, oats > barley > maize or wheat.
The regression equations relating protein gain and live-weight gain imply that even with no increase in weight there would be protein deposition in the young bird. This finding led to the determination of feather and non-feather protein separately in Expt 3, to locate, if possible, the site of this continuing deposition of protein. I 962 Experiment 3 Diets. The percentages of dietary protein retained by birds in Expts I and 2 appeared to be related in an inverse way to the amount of oat feed in the diet. The wheat and maize diets, for example, containing 20 and 17 yo oat feed respectively, gave rise to the poorest retention of dietary protein. It may be that the protein in this oat feed, which formed a small and variable part of the total protein in the barley, wheat and maize diets, was poorly digested, perhaps owing to some feature in its preparation. I n formulating diets for the third experiment, therefore, the contribution of crude protein from each test cereal was made the same, and crude protein from oat feed added to equalize fibre contents was additional. Fresh samples of cereal were obtained for this experiment; the diets were as shown in Table 4 . The wheat, oats, barley and maize diets were found to contain, respectively, 10-7, 10.5, 10.6 and 10.8% crude protein.
Procedure. Two hundred day-old Rhode Island Red x White Leghorn cockerels treated as in Expts I and 2 were randomized to treatments and individual cages at 4 days old. At the end of the 4 experimental weeks all the birds were killed. I n this experiment the procedure adopted for analysis was different from the previous one. Feathers and down were removed, weighed and digested in conc. H,SO, for determination of feather protein. After removal of the contents of the alimentary tract, the whole feather-free empty carcass was partially digested in conc. H,SO, in a 600 ml beaker. A portion of the resultant slurry was digested with H,SO, in a Kjeldahl flask, and the non-feather protein determined.
Results. From Table 5 it can be seen that the results were similar to those of Expts I and 2, i.e. protein conversion in order of efficiency was oats > barley > maize > wheat.
https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19620053
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Once again the regression equation of protein gain on live-weight gain showed an intercept indicating that even with no live-weight gain there would still be an increase in the protein content of the carcass with time. Even when the protein gain in the feathers was subtracted from the total protein gain there was in the resultant regression equation of non-feather protein gain on weight gain a significant intercept which amounted to more than half the intercept when total protein gain was considered. I t appears therefore that the protein gain in feathers may account for some but not all of a relatively constant deposition of protein which occurs with advancing age even when weight gain is very small or nil. The site of the non-feather protein deposition under these circumstances is not known.
D I S C U S S 1 0 N
These experiments, carried out on two sets of cereal samples, indicate that the value of cereal proteins for promoting growth in young chicks is in the order oats > barley > maize or wheat. It may be that not all samples of these cereals would be placed in this order; the factors influencing amino acid composition of cereJl proteins are still a matter of controversy, climate, fertilizer treatment and genetical factors being known to influence crude-protein content (see review by Duckworth, 1952) and both positive and negative correlations having been found between amino-acid and crude-protein contents. For lysine contents both positive (Miller, Aurand & Flach, 1950) and negative (Sauberlich, Chang & Salmon, 1953) Price, 1950) . Recent work (Wolfe & Fowden, 1957) shows that the amino acid composition of the protein can vary widely in samples of maize having approximately the same protein content, the differences being greater between varieties of widely different genetical strains.
The results presented by us here, however, are not entirely unexpected, at least for oats. As mentioned previously, comparison of the amino acid requirements of the chick with the amino acid composition of cereals, as given in tables of average J. DAVIDSON, J. MATHIESON AND R. B. WILLAIMS I 962 values, indicates that lysine is limiting for growth. Moreover, according to these tables oat protein supplies a greater amount of lysine than the other cereal proteins, so that the oat diet would be expected to support better growth if the digestibility of each protein is about the same. The inclusion in each diet of a constant proportion of wheat gluten should not invalidate the comparison, because the amino acid pattern of this protein is similar to that of other cereal proteins with a relatively low content of lysine.
I n the compounding of diets for chicks, an increased value of oat protein for growth, probably owing to its higher lysine content, would have to be set against its high content of IOM, a factor that might tend to reduce the amount of food eaten owing to reduced acceptability if the content of oats was too high.
The observation that the percentage of protein contributing to the live-weight gain increases as the rate of growth in early life decreases has been made in previous experiments at the Rowett Institute. The equations indicate that live-weight gain in the young chick up to 4 weeks of age has certain limitations as a guide to protein retention at low rates of gain when the size of the constant in the equation is relatively large compared with the ' weight-gain' function. The expression derived for the relationship between non-feather protein and live-weight gain (Table 5) suggests that tissues other than the feathers develop with age, irrespective of weight gain. It may be that bone and vital organs are involved, because results from a study of growth in the domestic fowl (Wilson, 1954) indicate that on a low plane of nutrition bone and viscera (heart, spleen, pancreas, liver, lungs and kidneys) develop in preference to muscle during the first few weeks of life.
S U M M A R Y I .
In three experiments carried out with groups of twelve individually caged chicks fed on all-cereal diets ad lib. between I and 4 weeks of age, a carcass-analysis technique was used to assess the relative values of the proteins of wheat, oats, barley and maize for promoting deposition of body nitrogen.
2. In each experiment the diets were designed to contain the same crude-protein concentration, in the region of I I %, with about 7 yo derived from the test cereals and
Yol. 16
Cereal proteins aizd growth in chicks
